The Carlin gold deposit, largest of the epithermal disseminated replacement-type gold deposits discovered to date in the United States, formed as a result of hydrothermal processes associated with a shallow-seated late Tertiary igneous event. The orebodies formed by the replacement of carbonate minerals, principally calcite, in thin-bedded argillaceous arenaceous dolomitic beds favorable for mineralization within the upper 245q-m of the Roberts Mountains Formation. Early hydrothermal fluids dissolved calcite and deposited quartz. Fluids during the main hydrothermal stage introduced Si, A1, K, Ba, Fe, S, and organic materials, plus Au, As, Sb, Hg, and T1; quartz and pyrite were deposited, potassium clays formed, and more calcite was dissolved. Sulfides and sulfosalts containing As, Sb, Hg, and T1, and base metal sulfides of Pb, Zn, and Cu probably formed later in the paragenesis.
sulfide minerals given by Dickson et al. (1975a) , no previous studies on stable isotopes at Carlin have been done. presented data on stable isotope and lead isotope studies at the Cortez gold deposit, which has many similarities to Carlin. They concluded that meteoric water was the dominant component of the ore-forming fluid, that most elements were probably derived from the host rocks, that .the deposit is Tertiary in age, and that oxidation of the ore took place by normal low-temperature ground water.
Regional Geologic Setting
The regional geology of the northern part of the Lynn mining district and the Lynn window, which includes the Carlin deposit, was given by 
Sedimentary rocks
The Paleozoic stratigraphy of the lower plate rocks in the vicinity of the Carlin deposit has been described in detail by previous writers, including Roen (1961) The dikes at Carlin are Jurassic and (or) Cretaceous in age and were eraplaced along northwest-trending high-angle faults. They subsequently were broken by north-to northeast-trending faults ( Fig.  3 ; Radtke, 1973) . Most of the dikes have been intensely altered, and locally they have been mineralized by gold-bearing solutions.
Extrusive igneous rocks, consisting of flows of rhyolite and rhyodacite, are well exposed along the west flank of the Tuscarora Mountains ( Fig. 2 ; . Excellent petrographic descriptions of these rocks were given by Roen (1961) 
Geochemistry and Mineralogy

A#e of mineralization
The Carlin deposit appears to have formed during the late Tertiary as part of a volcanic episode. Although the exact time interval over which the deposit for, med cannot be pinpointed, several lines of evidence support a young age.
Radiometric age dating of the rocks has provided gross limits on a maximun• age. For example, sericite from the contact between dolomite and altered dike in the main pit yielded a composite K-Ar age of 57 m.y., according to R. L. Akright (writ. commun., 1971). This value is too large since the sample contained large amounts of i.mpurities including apparently original illite from the carbonate rock.
Fluid-inclusion evidence presented later combined with information on boiling point curves (ilaas, 1971) suggests that the amount of overburden removed since mineralization has only been about 1,000 to 1,700 feet. Furthermore, away from faults the surface of the lower boundaries of the acid leached zones correspond rather closely to present topography. Evidence will be presented later that most of the acid-leaching and oxidation in the orebodies and surrounding rocks occurred during boiling in the late-stage hydrothermal fluids. The northeast part of the east ore zone crosses the Leeville fault, a typical young basin-and-range fault with apparent middle West ore zone: The west ore zone contains a veinlike orebody, continuous for 340 m, which strikes about N 60 ø W and dips 60 ø to 70 ø N; at the southeast end the zone widens into an oval pipelike body that plunges about 70 ø N. The veinlike part of the orebody is in the hanging-wall side of a high-angle fault, the footwall of which is a highly altered igneous dike cut by barite veinlets. The orebody in the west ore zone is strongly controlled by high-angle normal faults. It contains the largest amounts of barium, the smallest amounts of organic carbon of any of the orebodies, and an apparent lack of visible arsenic, antimony, or mercury sulfides (Harris and Radtke, 1976) .
Main ore zone: The main ore zone is made up of several large connected orebodies of widely variable gold content in a zone about 915 m long between the southwest end of the main pit and the southeast side of Popovich Hill ( Fig. 3; Radtke, 1973) . Most of the ore in the northeast part of the zone is a sheetlike mass up to 30 m thick which strikes about east-west and dips 38 ø to 40 ø N, similar in attitude to the host rocks. The position and shape of this orebody reflect strong stratigraphic and structural controls. Particularly important is a set of high-angle faults trending N 45 ø E to N 45 ø W, which includes a large dike-filled fault trending northwest through the central part of the main pit.
The southwest part of the main ore zone contains a tabular orebody about 395 m in length and 20 to 30 m thick, which strikes about N 45 ø E and dips 50 ø to 70 ø NW; near the southwest end of the main pit, the orebody steepens in dip, becomes progressively thinner, and pinches out against impermeable gouge-filled faults and breccia zones ( Fig. 3 ; Radtke, 1973) . Intersections between numerous northtrending high-angle normal faults and a strong highangle fault trending N 45 ø E controlled the deposition of ore in this area.
The main ore zone, which contains about 60 percent of the known gold ore in the deposit, has large tonnages of unoxidized and oxidized ore. The unoxidized ores are characterized by wide variations in the content of silica, pyrite, and organic carbon, and locally, as in the east ore zone, the content of organic carbon reaches 5 percent, due to introduction of hydrocarbons by the hydrothermal fluids (Radtke and Dickson, 1974 Shapes and attitudes of both orebodies in the east ore zone reflect an overall stratigraphic control on gold deposition and the influence of feeder faults. Structural controls were provided by two sets of high-angle normal faults. These were (1) an early set striking N 40 ø to 45 ø W and (2) a late set striking north-south to N 45 ø E. Igneous dikes, intruded along at least five of the early northwesttrending faults, were offset by movement on the late set ( Fig. 3 ; Radtke, 1973 
Unaltered host rocks
The section of the Roberts Mountains Formation in the Lynn window is described by Mullens (1977) as a "laminated limestone consisting of varying Chemical and spectrographic analyses of samples of both facies in the host rocks are given in Tables  1 and 2 , and isotopic data are presented in Table 7 . Although no data on porosity and permeability of the rocks are currently available, it seems likely that the thin-bedded type 1 rocks have higher porosity and permeability making them suitable for solution (Radtke et al., 1972b) . The content of organic carbon varies from about 0.5 to 0.9 weight percent, suggesting some introduction of hydrocarbons. Thin sections of these ores show an increase in hydrocarbons dispersed in the rock matrix. Pyrite is the dominant sulfide mineral, although small sparse grains of realgar, stibnite, sphalerite, galena, molybdenite, and chalcopyrite have been identified by microprobe studies.
The term "carbonaceous ore" has been used commonly as a general term in reference to all unoxidized ores at Carlin and other disseminated gold deposits in carbonate rocks. However, we restrict the term to those ores for which an introduction of hydrocarbons can be documented. Typically these contain from 1 to >5 weight percent organic carbon. Carbonaceous ore is dark gray to black and contains small veinlets and seams of hydrocarbons in addition to the dispersed grains of amorphous carbon, hydrocarbons, and an organic or humic acid described by Radtke and Scheiner (1970) Descriptions correspond with those given in Table 3 .
Elements Si through Pgiven in weight percent. Determinations of homogenization and freezing temperatures were made by conventional techniques using a modified Chaix Meca heating/liquid N2 freezing stage at the U. S. Geological Survey in Menlo Park, California. The stage was calibrated using spectrographically analyzed CO2 fluid inclusions and solutions of known salinity. In the temperature range of 0 ø to 400øC the stage was calibrated using National Bureau of Standards standards with known melting points.
Elements Mn through
Minerals studied in most of the plates contained numerous primary, pseudosecondary, and secondary inclusions. Samples of barite, calcite, and some sphalerite contain large numbers of secondary or pseudosecondary inclusions close to or along fractures and cleavage planes. Most of these inclusions are <20 •. Except for a few large (25 •) secondary inclusions in barite, no homogenization or freezing determinations were made on secondary inclusions and all data reported in Table 5 were collected from primary inclusions or inclusions with properties suggesting they could be either primary or pseudosecondary.
Three types of inclusions were observed during this study and were also reported by J. (Table 5 , sample Q-A). The presence of abundant type II inclusions with generally higher homogenization temperatures indicates that these fluids were boiling. Salinities of 3.0 to 4.3 equivalent weight percent NaCI in type I fluid inclusions were close to those in main stage 2 fluids and suggest that these veinlets, which also contain frankdicksonite, pyrite, and locally, gold, formed early in the boiling episode. Jasperoid bodies, formed by ahnost complete replacement of calcite and dolomite in carbonate rocks along high angle faults, contain small type I inclusions. Only a few inclusions were found in plates with satisfactory properties for study and these showed approximate homogenization temperatures of 185 ø to 235øC. The type II inclusions were too small for study. Narrow white to blue-white quartz veinlets occur locally in the jasperoid, grade into dark gray to black jasperoid, and probably formed as a final stage of the silicification. Type I and type II inclusions occur in these veinlets and homogenization temperatures of type I inclusions in the sample reported in Table 5 (sample 
Stable Isotope Studies
The coordinates and elevations of the samples analyzed are included in the tables in this paper; samples can be located on the simplified geologic map (Fig. 3) Table 11 show the isotopic effects on calcite and dolomite in mineralized parts of the Roberts Mountains Formation during acid-leaching oxidation and late posthydrothermal supergene oxidation. The suite of samples was collected from the main ore zone at approximately the same map locality, at successively higher levels; they included unoxidized ore, oxidized ore, and oxidized acid-leached ore. (Table 9 ). This is consistent with smaller water/rock ratios during jasperoid formation than during quartz vein deposition.
All values are compatible with meteoric-waterdominated hydrothermal fluids that were modified to different degrees by exchange with the carbonate host rock. The differences of 15•80 in the jasperoid listed in Table 9 are difficult to interpret in terms of local factors. They may reflect variations in the isotopic composition of water due to mixing of deep and shallow meteoric waters, boiling of fluid, or variations in amounts of exchange with wall rock, or differences in temperature from place to place. One unusually low value, 9.3 per mil, was found in brecciated jasperoid from a prominent fault zone. Presumably near-surface water of low 8x80 content was able to penetrate along the fault. The 81sO values of samples of vein calcite in shallow oxidized rocks range from 2.5 to 22.9 per mil (Table 12) (Table 5) , the values of the carbon in their parent fluids were probably considerably lower than those in the calcites and were probably partly derived from the oxidation of organic matter during the formation of the acid-leached zones in the upper part of the deposit.
The only main-stage carbonate that was analyzed (6990-J, Table 5 ) has a 8•C value of -6.2 per rail. The carbon for this calcite was probably also partly derived from organic matter in the host rocks.
Sulfltr isotope data
The sulfur isotope compositions of Carlin sulfide and sulfate minerals were determined to obtain data on temperatures of ore deposition, on possible sources of sulfur, and to estimate some chemical parameters during ore deposition ( (Table 13) The sulfur in the sulfate may have been derived from •10 per n'ill sulfide sulfur by high-te•nperature equilibrium distribution of sulfur species in the hydrothermal fluids (Ohmoto, 1972) . The excellent agreement between sulfide-sulfate temperatures (Table 13) and fluid inclusion filling temperatures (Table 5) 
Summary
The geologic, chemical, and isotopic data presented in this paper permit a qualitative summary of the processes that produced the Carlin deposit. In a future paper we will develop a geochemical model for the formation of the Carlin deposit which will cover experimental studies on the leaching of ore and gangue components from carbonate source rocks, and the transport and deposition of these components. It is clear that the Carlin deposit is an integrated result of hydrothermal processes initiated by beat emanating from igneous intrusives during the late Tertiary. Fluids of meteoric origin received heat from igneous masses, reacted with source rocks at depth, extracted ore and gangue components, and migrated upward along steep faults into near-surface permeable units in the Roberts Mountains Formation.
The occurrence of gold deposits with similar characteristics in numerous places in the western United States and elsewhere in the world indicates that the processes that formed them were not specialized.
Thick sections of carbonate rocks like those in the
Carlin area have the potential to produce gold deposits wherever underlying igneous activity has developed a hydrothermal system. mission to study the Carlin deposit and for his continuing encouragement and support throughout the investigation.
